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Traditionally, learning outcomes have tended to be valued more than learning processes. Yet, it is the process or cognitive skills that allow individuals to adept to altered situations, tackle new tasks, develop new skills and solve new problems. The ultimate aim of education is to educate students to think for themselves, to take active control of how they go about learning, to achieve autonomy and at least some self fulfillment in their intellectual and social lives.
In a novel problem situation, some students do not know immediately what series of actions to perform in order to achieve the desired goal because they have not been taught an efficient algorithmic procedure in tackling the situation (English, 1987). Outside the schools, students repeatedly encounter situations- in purchasing goods, relating to others in social organizations and in other activities, where skilful thinking is critical to their success. Many educators assume that students learn how to think while processing information that they are trying to learn. However, lessons that keep the focus on subject matter, obscure the nature of the thinking processes involved in manipulating the information that students fail to learn to understand these processes. (Beyer, 1987)
Helping students learn how to control and direct their own thinking and developing the dispositions that support and motivate thinking are essential aspects of the teaching of thinking. Without engaging in metacognition and dispositions that drive skilful thinking, individuals are not inclined to use to full potential the thinking skills learned (Beyer, 1987). Without such conscious control of their own thinking, they cannot transfer the thinking skills learned from one setting to another. Valuing the use of credible sources, other points of view and search for alternatives motivate thinking and enhance its effectiveness. 
Why should we be concerned about students’ adeptness in critical thinking in our classrooms?  Obviously we want to educate citizens of Malaysia whose decisions and choices will be based upon a multitude of creative ideas that span across a wide ranging school of thought.  Maintaining a high level of productivity in today’s modern society requires one to be critical in generating ideas as well as capability in utilizing a number of different styles of thinking. 

A number of researches done by Malaysian educators have indicated a low level achievement of critical thinking proficiency is portrayed by many students due to many constraints in the education system (Kartini (1998); Asmah (1994)). Computers and multimedia offers a new dimension in the education arena and its prospect to be used in the teaching of thinking skills is enticing. Nevertheless, limited research has been undertaken in this area in Malaysia.

The Direct Teaching of Critical Thinking Skills

Teachers interested in developing student thinking abilities have often stimulated their students through thought-provoking questions, discussions, and assignments. Activities such as these contribute to a thoughtful classroom. However, they may not necessarily result in the improvement of thinking for every student. For example, simply asking students “higher order” questions does not insure that they possess the thinking skills needed to answer them. Likewise, presenting students with a problem or a writing assignment does not teach the strategies employed by successful problem solvers or writers. And simply holding a classroom debate does not instruct students about how to structure or rebut an argument effectively. In each of these cases, a more direct approach may be needed to develop the specific skills and strategies of good thinking (Edwards, 1991) 
Any identified thinking skill or process can be taught directly. To this end, Beyer (1987) has identified the following six-step lesson model for introducing any thinking skill: 
  Step 1 - Introduce the Skill 
  Step 2 - Explain the Skill 
  Step 3 - Demonstrate (model) the Skill 
  Step 4 - Review What Was Done 
  Step 5 - Apply the Skill (guided practice) 
  Step 6 - Reflect on the Skill 
This approach is mirrored by Phillips (1997) in which he introduced a strategy for teaching thinking skills referred to as KADAR. The acronym appropriately stands for KENAL (Introduce), AJAR (Explain), DEMONSTRASI (Demonstrate), APLIKASI (Apply) and REFLEKSI (Reflect).  In addition to this directive procedure, Beyer has also developed an inductive and a developmental lesson model for explicitly introducing a thinking skill. This approach has been used to teach such fundamental thinking skills as classifying, comparing, evaluating, hypothesizing, sequencing, and summarizing. Direct instruction can also be applied to more complex mental processes, such as decision making and problem solving. 
We must also be cautious not to fall into the trap where dozens of micro thinking skills are “drilled and practiced” in artificial contexts without any bridging into meaningful content. Unfortunately, a number of workbooks filled with such exercises are available and frequently utilized by well-intentioned teachers interested in “teaching” thinking skills. The research on transfer (Perkins and Salomon, 1988) points out that, in general, students do not spontaneously apply thinking skills learned in one situation into new contexts. Thus, the direct teaching of thinking skills must include overt attention to transfer by helping students to make the connection of newly-learned thinking skills into various content areas as well as into “real world,” out-of-school contexts. 
Inquiry-based learning
The inquiry approach is an effective model for developing thinking skills within the context of real situations. The inquiry approach attempts to help students identify and learn specific strategies for handling data or research problems. It is therefore a powerful tool for initiating students into the types of thinking required in the various disciplines. 
A carefully designed inquiry assignment presents students with challenging thinking situations, concrete data to manipulate, and many opportunities for collaborative discussion of the problem situation. Students are coached through important modes of thought/discourse such as careful observation and analysis. This focused attention is very effective in increasing the range of thinking strategies students can apply to problem-solving situations. 
In 1961, the Educational Policies Commission published a position paper on the central purpose of American Education. The commission suggested that students needed to develop "ten rational powers." These were: recalling and imagining; classifying and generalizing; comparing and evaluating; analyzing and synthesizing; and deducing and inferring. These are also some of the fundamentals of inquiry learning. Spurred by fears that the Russians were gaining a technological and military advantage over the U.S. in the fifties, the educational establishment became particularly interested in helping students become critical and creative problem-solvers. 

Inquiry-based learning approach is highly favored in a recent National Research Council report (Bransford, Brown, & Cocking, 1999) which described the process in which students 
    		design studies, collect information, analyze data end
    		construct evidence.... They then debate the conclusion
that they derive from their evidence. In effect the
    		students build and argue about theories.... Question
posing, theorizing, end argumentation form the structure of
the students' scientific activity.... The process as a
whole provide[s] a richer, more scientifically grounded
experience than the conventional focus on textbooks or
laboratory demonstrations. (p 171-172)

In this study, the researcher raise the possibility that students at the middle school level have an incorrect or non-existent mental model that underlies strategic weaknesses, and that impedes the analysis capability required in the most common forms of inquiry-based learning. Thus the use of scaffolding techniques in the form of graphic organizers and verbal maps is vitally important in ensuring success in the teaching of thinking skills.

Micro-thinking skills implicated in analysis of ideas

Critical thinking skills are of two types- basic information-processing operations and reasoning operations. This research will be focusing on basic information-processing operations involving: compare and contrast, classify, seriate and parts of a whole which falls under analysis of ideas under the categories derived by Benjamin Bloom of cognitive educational objectives(Beyer, 1987). Information processing, rather than only information telling or receiving, typifies education that honour student thinking. In classrooms that emphasise these micro-thinking skills, students compare, analyse and substantiate their claims to support their ideas. They would invent or discover relationships among different ideas and reflect on them. Students would also consider the ideas and contributions of their peers. Here students deliberately seek more information, other points of view and variety of alternatives. By moving through the graphic organizers that serve as scaffolders , the courseware is hoped to provide its own motivation for learning and increases their proficiency in its use and for active learning. 





Problem-based learning (PBL) is an educational approach that challenges students to "learn to learn". Students work cooperatively in groups to seek solutions to real-world problems and more importantly, to develop skills to become self-directed learners. Here, the goal of problem-based learning is viewed as learning for capability rather than learning for the sake of acquiring knowledge. Students develop critical thinking abilities by constantly relating what ideas they generate and to what they want to do with the information (Gallagher, 1997).
PBL requires students to take on active learning strategies and adopt a self-directed learning disposition. Some students find it difficult to cope when asked to transform into active critical thinkers. PBL teachers may also face difficulty as they prepare to facilitate discussion, provide coaching, challenge student thinking and manage group work. 

Giving feedback to students is integral to improving student learning. Barron et al. (1998) suggested that teachers can better guide and monitor projects by incorporating formative self-reflections by students, by creating a classroom culture that supports frequent feedback and assessment, and by finding ways for students to compare their work with others. Teachers can make students take their work seriously by incorporating opportunities that involve external audiences in assessing students' performance. 

In the model of cognitive apprenticeship, developed by Collins, Brown and Newman in 1987, scaffolding is described as a means of coaching students to the extent that they can perform intellectual tasks on their own. Success with PBL largely depends on whether students have been sufficiently prepared to take on certain roles such as  inquiry seekers and collaborative team players in the classroom (Ngeow, K; Kong, Y.S. 2001). Effective scaffolding includes activities that help students develop the right mindset, engage students with the problem and direct students' attention to essential aspects of the learning goals. The effectiveness of PBL depends to a large degree on the scaffolding provided by teachers to students, as in the case of this research - by the courseware developer to the respondents.

The role of graphic organisers, verbal maps and CoRT1 techniques
Graphic organisers provide a visual, holistic representation of facts and concepts and their relationships within an organised frame. They have proven to be effective tools to aid learning and thinking by helping students and teachers to represent abstract information in more concrete form, depict relationships among facts and concepts and organise thoughts. Graphic organisers exist in a variety of forms such as the concept map, sequence chain, story map, main idea table, flowchart, matrix, and Venn diagram. 
Graphic organisers convey relationships and content structures in a pictorial fashion. These visual representations provide learners with a structural overview of information at hand. This overview directs student's attention towards conceptual relationships rather than seemingly isolated facts. The use of graphic organisers enhances the understanding, organization, and long-term retention of information and accentuates meaningful learning and information manipulation (Stevensold & Wilson, 1990). Graphic organisers also facilitate the extrapolation, combination, inference, and other logical reasoning mechanisms that allow learners to transfer and apply information (Ritchie,D, Gimenez,F, 1995). 
During critical thinking instruction in an inquiry-based learning approach, they can help students to actively process and reorganise information. And after instruction, graphic organisers may be used to summarize learning, encourage elaboration, help organise ideas, provide a structure for review, and assess the degree of student capability in generating critical and creative ideas. 
The name CoRT comes from Cognitive Research Trust which de Bono established at Cambridge, England and is divided into six sections, CoRT1 To CoRT VI. CoRT1 consist of strategies aimed at broadening students’ thinking and stimulating a diverse range of ideas from different viewpoints. Improvements in self concept as a thinker were reported where students saw themselves as being more interested in ideas, thinking more broadly, being able to tell which ideas are more important, having more important ideas and using their thinking in real life (Edwards, 1991).
CoRT-trained students were reported to show a statistically significant overall improvement in academic performance compared to the control group (Edwards, 1991). Particularly, these marked improvements were shown in social science subjects while no significant change were found in mathematics and science subjects. The study to be conducted will attempt to highlight this issue in the local scene.
Metacognitive strategies refers to the awareness of and control over one’s cognitive processes. Effective thinking and learning requires frequent checking, goal-setting, reassessing, and evaluation. To help students become effective thinkers, we must help them develop metacognitive skills. Students need instruction, guidance, and practice to help them learn how to apply effective self-monitoring strategies for effective thinking. Verbal maps and cues in the form of probing questions or reflective statements can cater for this aspect (Poh). This is seen as the foundation of critical thinking skills. Thoughtful application of metacognitive strategies is central to becoming a more skillful thinker and accomplished learner. 
Critical Thinking and Self-directed Learning Using a Multimedia Package

Students' logical and critical thinking abilities have been of interest to scholars who study self-directed learning (e.g. Garrison 1997). Self-directed learning occurs when students make informed decisions regarding each part of the learning process including what to learn, why to learn it, how to learn it, and how to assess the validity and value of the learning. Garrison (1997) discussed the important link between critical thinking and self-directed learning, arguing that insight and intuition are part of critical thinking, which is needed for self-directed learning to take place. This idea is shared also by Brookfield (1997) who considers the ability to envision alternatives--a key feature of creativity--to be an essential component of critical thinking. 

Multimedia technology as a teaching media has always mesmerized students. Students are interested in new methods of communication and learning (Baharuddin Aris and Maizah Hura Ahmad, 1995), since they are being exposed to the new media in the home. From a very early age, they want access to various media so as to enable them to read critically, listen critically and observe critically (Taggart, 1975).

Interactivity in Multimedia Courseware





	The study is aimed at investigating the feasibility of providing students with an alternative mode of enhancing critical thinking skills through interactive-multimedia driven, inquiry-based learning approach. The possible relationships between students’ level of critical thinking skills and their critical thinking styles, gender and academic achievement in arts and science subjects are also to be explored. It is imperative that the design of research is capable of magnifying differences in effectiveness between groups of students with different profiles so as to ensure a profound and multifaceted study can be carried out successfully, thus the use of factorial design in the data analysis stage.      

The research project will involve preliminary needs analysis to depict current levels of critical thinking proficiency in an inquiry-based learning environment, samples’ preferences for critical thinking styles, other demographic data, design, development of prototype, content validation by experts, implementation and evaluation of an interactive multimedia courseware package in critical thinking skills using three techniques, verbal maps, graphic organiser and CoRT1 concept. These are strategies adopted by local experts in thinking skills and are found in numerous documents published by the Ministry of Education. 
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